The two-component reaction of 1,2-phenylenediamine derivatives and trichloroacetyl isocyanate proceeded smoothly and cleanly at room temperature and N-(1H-benzimidazol-2-yl) acetamide derivatives afforded in excellent yields and no side reactions were observed. The structures of the products were confirmed by IR, 1 H NMR, 13 C NMR, and elemental analysis. Also, in this investigation, the structural, electronic properties, IR, 13 C and 1 H NMR parameters of synthesized molecules were computed in gas in the M062X/6-311G(d,p) level of theory.
INTRODUCTION
Benzimidazoles are extensively used structural motifs in medicinal chemistry and can be found in a number of biologically active molecules [1] [2] [3] [4] [5] [6] . They are important chemical classes as a result of their significant biological activities against several viruses such as HIV, influenza, herpes (HSV-1), and Epstein-Barr [7] [8] [9] . Several compounds from this class have been used as antitumor [1] , antibacterial [2] , antiviral [10, 11] and antiproliferative agents [12, 13] . Therefore, the synthesis of benzimidazole derivatives has attracted considerable interest. Several synthetic methodologies have been reported in the literature for the synthesis of these compounds. Most involve formation of thioureas using isothiocyanates followed by cyclodesulfurization using desulfurizing agents such as mercury(II) oxide [14] , mercury(II) chloride [15] , copper(I) chloride [16] , methyl iodide [17] , tosyl chloride [18] , dicyclohexylcarbodiimide (DCC) and PS-carbodiimide [19] . Most of the above reagents are either expensive or highly toxic in nature and commonly require cumbersome work-up and purification procedures. Other methods are cyclization of aminothioureas that often gives poor yield during the reduction of nitro group, S N Ar reaction of chlorobenzimidazole that requires elevated temperature and usually yields selfarylation products [20] , and an one-pot procedure by using isoselenocyanates or isothiocyanates with various substituted diamines [21] [22] [23] [24] [25] .
We were particularly interested in the synthesis of benzimidazoles via a method suitable for large scale preparations as well as not requiring toxic starting materials and reagent. In connection with our interest in the synthesis of heterocycles [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] , the synthesis of N-(1H-benzimidazol-2-yl) acetamide derivatives via a two-component reaction of 1,2-phenylenediamine derivatives and trichloroacetyl isocyanate, in high yields and fairly mild reaction condition, is reported herein (Scheme 1). Also, in this work, we perform a systematic computational study of electronic structure, and properties synthesized molecules.
EXPERIMENTAL
The starting materials and solvents were obtained from Merck (Germany) and Fluka (Switzerland) and were used without further purification. The melting points were measured on an electrothermal 9100 apparatus and are uncorrected. The IR spectra were recorded on a Jasco FT-IR 6300 spectrometer. The 1 Hand 13 C-NMR spectra were measured (CDCl 3 and DMSO-d 6 solution) with a Bruker DRX-250 Avance spectrometer at 250.0 and 62.5 MHz, respectively. The elemental analyses were realized using a Heraeus CHN-O-rapid analyzer.
General procedure To a magnetically stirred solution of trichloroacetyl isocyanate (2, 1 mmol) in CH 2 Cl 2 (5mL) was added 1,2-phenylenediamine derivatives (1, 1mmol) at -10 o C. The mixture was stirred at room temperature for 20 minutes until 2 hours. Then the mixture was filtrated and washed with CH 2 Cl 2 , and the products 3a-c and, 4b-c were obtained. 
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Computational Methods
The Gaussian 09 suite of program applied to carried out all calculations [36] . The standard 6-311G(d,p) basis set [37] and the hybrid functional of Truhlar and Zhao (M062X) [38] are used for optimization of molecule.
A vibrational analysis is carried out after optimization of at each stationary point found. The result of this analysis, confirm its identity as an energy minimum.
The population analysis is performed by the natural bond orbital method [39] using NBO program [40] under Gaussian 2009 program package in the M062X/6-311G(d,p) level of theory.
NMR calculations are calculated using the Gauge independent atomic orbital (GIAO) [41] method at the M062X /6-311G(d,p) level of theory.
RESULTS AND DISCUSSION
The two-component reactions of 1,2-phenylenediamine derivatives (1) and trichloroacetyl isocyanate (2) led to N-(1H-benzimidazol-2-yl) acetamide derivatives (3) and (4) in high yields, and fairly mild reaction conditions (Scheme 1). A mechanistic rationalization for this reaction was provided in Scheme 2. The structures of the products were deduced from their 1 H-NMR, 13 C-NMR, IR spectra, and elemental analysis.
Scheme 1.
Two component reaction of trichloroacetyl isocyanate and 1,2-phenylenediamine derivatives.
Scheme 2.
A proposed mechanism for the formation of (3) and (4) molecules.
Energetic aspects.
The absolute energy and relative energy values of (3) and (4) isomers are tabulated in Table 1 . Theoretical studies show that stability of (3)-isomer is more than (4)-isomer (Table 1) . On the other hand, relative energies values show that (3) and (4) isomers are isoenergetic. The energy difference between (3) and (4) isomers in the presence of X=Cl is more than X=Me. Resonance structure of (3) and (4) are possible in the presence of X=Cl (Figure 1) . Therefore, the minor difference between isomers results from contribution of II-form. 
Polarizabilities
Polarizabilities describe the response of a system in an applied electric field. They determine not only the strength of molecular interactions (such as the long range intermolecular induction, dispersion forces, etc.) as well as the cross sections of different scattering and collision processes, but also the nonlinear optical properties of the system [42] .
The isotropic polarizability <a > is calculated as the mean value as given in the following equation:
X=Cl, and decrease in the presence X=Me for two isomers. Also, HOMO-LUMO gap and hardness of (4) isomer is more than (3) isomer. Figure 2 presents the plots of HOMO and LUMO (3) and (4) isomers. Figure 2 displays the HOMO are distributed on six and five membered rings. On the other hand, LUMO has less distribution on these rings. HOMO and LUMO of two isomers are p-bonding.
The values of chemical potential and electrophilicity in (3) and (4) isomers are listed in Table 2 . According to the calculation results, the chemical potential values decrease in the presence of X=Cl, and increase in X=Me. On the other hand, (4) isomer has more chemical potential rather than (3) isomer.
Electrophilicity values increase in the presence of X=Cl, and decrease in X=Me. On the other hand, (3) isomer has more electrophilicity rather than (4) isomer. Table 2 . Frontier orbitals energies (a.u), HOMO-LUMO gap (eV)m hardness (eV), chemical potential (eV) and electrophilicity of (3) and (4) And the polarizability anisotropy invariant is:
The isotropic and anisotropic polarizability values of (3) and (4) isomers are calculated (Table 1) . These values show that polarizability of (3) isomer is more than (4) isomer. 
Molecular orbital analysis
The energies of the frontier orbitals (HOMO and LUMO) along with the corresponding HOMO-LUMO energy gaps for (3) and (4) isomers are given in Table 2 .
As seen shown in Table 2 , HOMO energy of (4) isomer is lower than (3) isomer. But, LUMO energy of (3) isomer is lower than (4) isomer. These values show that stabilities of HOMO and LUMO increase in the presence of 
Thermodynamic parameters
A mechanistic rationalization for this reaction is provided in Scheme 2 and thermochemical analysis is studied for this reaction. The values of ∆H, ∆G and ∆S are reported in Table 3 in which the individual terms are referred to a temperature of 298 K. The reactions can be considered as: 
Vibrational analysis
The synthesized molecules possess C1 point group symmetry. Vibrational spectral assignments of the title compound is performed by ab initio M062x method using 6-311G(d,p) basis. Selected vibration wavenumbers of (3) and (4) isomers are gathered in Table 4 . These calculations show that:
CH 3 The stretching vibrations of CH 3 are expected in the range 2900-3050 cm -1 [47, 48] . The bands at 3061.2 (3Me) and 3057.1375 (4Me) cm -1 result from symmetric stretching in which three of the C-H bonds expand and contract in-phase. Table 5 . Relative chemical shifts are estimated by using the corresponding TMS shielding calculated at the same theoretical level as the reference.
The experimental 1 H-NMR spectrum of 3a exhibits distinct signals at δ H 7.26 and 7.65 ppm (4H, 2dd) arising from the aromatic CH groups and at δ H 9.71 and 11.66 ppm (2H, 2s) of the 2NH groups. These values show the most chemical shift value for H1 atom. Therefore, there is lowest the electronic charge densities around H1 atom. The chemical shifts of H4 and H7 atoms are higher than H5 and H6 atoms. It means that the electronic charge densities around the H4 and H7 are lower than H5 and H6. 
NBO analysis
The most important interaction between ''filled" (donor) Lewis type NBOs and ''empty" (acceptor) non-Lewis NBOs is reported in Table 6 . The results of NBO analysis collected in Table 6 show that the LP(N1) participates as donor and the BD (2) The natural population analysis (NPA) is evaluated in terms of natural atomic orbital occupancies. Table 7 presents the molecular charge distribution on the skeletal atoms for studied molecules. Usually, it is noted that the strong negative and positive partial charges are placed on N2 and C carbonyl skeletal atoms in (3) and (4) molecules. Table 6 . Second order delocalization energies (E(2), kcal/mol) for (3) and (4) molecules in the M062x/6-311G(d,p) level of theory. 
CONCLUSION
The reported method offers a mild, simple, and efficient route for the preparation of N-(1H-benzimidazol-2-yl) acetamide derivatives via a twocomponent reaction of 1,2-phenylenediamine derivatives and trichloroacetyl isocyanate, in high yields and fairly mild reaction conditions. Also, theoretical studies in the M062X/6-311G(d,p) level of theory show that (3) and (4) 
